Observations of coherent electrostatic ion cyclotron (EIC) waves associated with a strong, magnetized double layer are presented. The double layers are produced in a weakly ionized argon plasma by applying a positive potential to an electrode plate located in the diverging magnetic field region of a cylindrical plasma column. Ionization within the electrode sheath is essential to the formation of these double layers. The resulting V-shaped potential structures have extended parallel, oblique and perpendicular (to B) electric field components. The frequency of the ion cyclotron instability is dependent upon the magnetic field strength at the position of the parallel potential structure. The properties of EIC waves in the presence of the double layer are discussed in relation to the possible excitation mechanisms (field-aligned currents, ion and electron beams, and perpendicular E fields).
and Yamada et al. [1977] .
In the present paper we report our investigations of the properties of EIC waves associated with a strong (eck/kTe 5-15), three-dimensional, magnetized double layer. The double layers are of the "anode type" as described by Torv•n and Andersson [1979] and Andersson [1981] in which a low rate of volume ionization provides the trapped electron species required to maintain the potential structures. These potential structures are produced in the diverging magnetic field region of a cylindrical argon discharge device, thus giving rise to V-shaped equipotentials. The discharge source produces a plasma with Te/T The motivation for performing these laboratory experiments is the need for a better understanding of the possible relationships between the generation of double layers and the excitation and propagation of EIC waves in an inhomogeneous magnetic field. Our preliminary observations have been previously reported [Merlino et al., 1984] . Similar observations have also been reported by Nakamura et al. [1984] .
In section 2 we describe the experimental apparatus and plasma diagnostic methods. The properties of the double layers and associated electrostatic ion cyclotron (EIC) waves are presented and summarized in section 3. A discussion of these results is given in section 4.
EXPERIMENTAL gETUP
The experiment was performed in a cylindrical argon plasma discharge device, shown schematically in Figure la 
Properties of the Double Layer
Double layer potential structures were generated by applying a positive voltage to the anode plate (11 cm in diameter) located in the diverging magnetic field region of the device. At low anode plate voltages (V•), a sheath was formed dose to the anode plate. When V• was increased 15.8 V (i.e., the argon ionization potential) above the space potential, the sheath was transformed into a strong double layer. The anode plate currents were •0.5-1.0 A when the double layers were present.
At neutral pressures >• 10-3 torr, the onset of the double layer is accompanied by the appearance of a bluish cone-shaped visible light emission structure due to excitation of the neutral argon atoms by electrons which have been accelerated through the double layer. The boundary of the light-emitting region was slightly inside of (i.e., on the high-potential side) the potential jump of the double layer as determined by comparing the visual observations with the potential measure- In the presence of the double layer a large radial density depression is produced along the magnetic flux tubes mapping into the anode plate. Although a small radial density depression was already present in the center along the axis of the plasma column before the double layers were produced, the depression is greatly enhanced when the double layers are present, as shown in Andersson, 1979] . Electrons accelerated through the double layer will lose energy in ionizing collisions and will be scattered through elastic collisions with the neutrals (the mean-free path for electron-neutral elastic collisions is len '•' 5-10 cm). High-frequency plasma turbulence, presumably due to a beam-plasma instability, was also observed on the high-potential side which could also be a contributing factor in beam thermalization. The waves which were observed in connection with the double layers have some characteristics similar to the EIC waves observed in the Q machine experiments. First, the frequency spectrum shows strong peaks near harmonics of the (local) ion gyrofrequency. Second, the waves propagate predominantly perpendicular to B (k• >> kll ) in the radial direction with no azimuthal propagation. These properties, in particular, lead us to exclude certain other possible instabilities that might be present under our experimental conditions. For example, Farley-Buneman waves, drift waves, and gradientdriven EIC waves would propagate in the azimuthal direction. Also, drift waves and gradient-driven EIC waves would be expected to have maximum amplitude in the region of largest density gradient, which was not the case here (see Figure 9) . Finally, the lower-hybrid drift instability and gradient-driven EIC instability are in the lower-hybrid frequency range (for our conditions fL, • 10 MHz), well above the observed fre- plate currents (•0.5-1.0 A) , the electron drift velocities should be well above threshold. This mechanism is consistent with certain additional aspects of the observed wave properties. In the high-potential region, the EIC waves propagate radially inward from the edge of the potential structure. This appears to be in line with the data of Figure 5c which shows that the drift velocity is maximum near the perpendicular potential structure. Axially the electron drift velocity near the double layer should be higher than the drift velocity in the current channel upstream of the double layer since the density is lower within the double layer. This could be important in understanding the dependence of the wave frequency on the axial position of the double layer. The interpretation, based on the current-driven mechanism, however, seems to be at odds with the apparent presence of EIC waves From this discussion it appears that no single mechanism may adequately account for the properties of the EIC waves in the presence of the double layer. The EIC waves observed in the high-potential region have certain characteristics consistent with both the current-driven mechanism and the E l mechanism. The apparent association between the instability frequency and the location of the parallel potential step seems to favor the electron beam driven mechanism. For any particular excitation mechanism, the dependence of the wave frequency on the location of A•pll along the nonuniform B field needs to be explained. The plasma inhomogeneities associated with the double layer (e.g., density cavity, nonuniform current distribution, etc.) may play an important role in determining the wave properties as well as the particular boundary conditions of the experiment. Finally, it may also be necessary to consider the convective properties of the instability as well as any refractive effects on the waves due to the nonuniform nature of the plasma.
Ion Cyclotron Waves Associated
In summary, we have presented laboratory observations of electrostatic ion cyclotron waves associated with strong, threedimensional magnetized double layers in a diverging magnetic field geometry. One main point that has emerged from these experiments is the dependence of the wave frequency on the position of the magnetic field-aligned electric potential structure. These observations are similar to those of Hatakeyarna et al. [1980] in which the frequency of the ion cyclotron instability was found to depend on the local value of the magnetic field near the exciter electrode. In our case, the electrode (anode plate) was fixed and the potential structure was moved in the nonuniform magnetic field.
Various wave excitation mechanisms that should be operative in the presence of a strong double layer have been considered. Although no definitive identification of the excitation mechanism(s) can be made, it appears that the recently proposed mechanism due to the presence of the nonuniform E 
